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Sequence Variation of rbcL Gene and Evolution of Saccharum 
and Related Species 
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Abstract[] Partial rbcL gene segment] 1137bp[] were sequenced in species from Saccharum and its relat- 





ed species[] including one Arundinaceum and one Pennisetum purpureum sample. Sequence variation of 
rbcL gene in Saccharum and related species were found to be highly conservative] and identical se- 
quences were presented between Saccharum and Miscanthus [] and Narenga and Miscanthus[] while se- 
quences of some individuals from same genus had some variation. The results suggest that rbcL gene is not 


a good genetic marker for the phylogenetic study of Saccharum and related species. Based on the facts that 
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a relatively large sequence divergence exists between Arundinaceum and individuals from Saccharum or E- 
rianthus{] and the similar phylogenetic position of Arundinaceum in the gene trees that fall out of the clade 
of’ Saccharastrae" that considered[] we tentatively suggested that Arundinaceum should be in an indepen- 
dent genus rather than being included in Saccharum or in Erianthus . 


Key words[] rbcI[] Evolution] Saccharum[] Erianthus{] Arundinaceum 


Saccharum L.is a important plant to sugar industry. Saccharum mainly includes S. officinarum 
L.[] S.sinense Roxb.[] S. barberi Jeswiet.[] S. spontaneum L. and S.robustum Brandes[] Chen[] 
1997[]. Saccharum [] Erianthus Michx.[] Miscanthus Anderss.[] Sclerostachyd ] Anderss. ex Hack .[] 
A.Camus and Narenga Bor compose" Saccharum” Complex. Except Sclerostachya[] Anderss. ex 
Hack.[] A. Camus.[] the four other genera are abundant in China." Saccharum” Complex[] together 
with Imperata Cyr.[] Eccoilopus Steud.[] and Spodiogogon Trin.[] form the" Saccharastrae" [] Peng) 
1990]. However[] the relationships between Saccharum and related species are very controversial 

[O Peng[] 1990[]. Previous studies on the relationships between Saccharum and related species were 
mainly based on morphological and isozyme result d] Xiao[] 1994[] Zhengl] 1989[[] evidence from 
DNA sequence may express the evolution of Saccharum and related species. 

S . arundinaceum Retz.has been widely used in breeding of sugarcane. However[] its taxonomic 
status is still an open question. In China[] most bontanists classify Arundinaceum as a species of Sac- 
charum[] named as S . arundinaceum Retz. While another view[] suggesting that Arundinaceum should 
be included in Erianthus[] named as E . arundinaceus|] Retz.[] Jeswiet.[] is prevalent in other coun- 
tried] Peng[] 1990[]. Caf] 1984[] suggested that it might be better for Arundinaceum to be an indepen- 
dent genus than to be included in Saccharum or in Erianthus. However{] Xiad] 1994[] showed that 
Arundinaceum was similar to Erianthus not only in morphological feature[] but also in biochemical 
characters of isozyme and chromosome numbers. 

rbcL gene[] which locates on plant chloroplast genome[] encodes the large subunit of ribulose — 
10 5 - bisphosphate carboxylasd] Clegg[] 1993[]. Because of its positional conservation and slow evo- 
lutionary rate[] which make it easy for alignment and primer designing[] rbcL gene has been widely 
used for phylogenetic analysis of plant at higher taxonomic level] Cleggl] 1993[] Soltis et all] 1990[] 
Hasebe et al[] 1993[] Manen and Natali] 1995[] Gaut et all] 1997[]. In current study[] we se- 
quenced partial rbcL gene of samples from Saccharum and related species[] in order to learn whether 
rbcL gene can be a genetic marker to resolve the relationship among Saccharum and related species and 


to elucidate the systematic position of Arundinaceum . 


1 Materials and Methods 

Fourteen samples from Saccharum and related species[] including one Arundinaceum [] and one 
Pennisetum purpureum sample were used in this study] Table 1[] .They were all from the National 
Sugarcane Germplasm Bank in Sugarcane Research Institute[] Yunnan Academy of Agricultural Sci- 


ences. 
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Table 1 Samples used in the present study[] including samples from Saccharum and related species[] in addition to one 


P . purpureum. sample. 





Genus Species 
S . officinarum L. 
S. barberi Jeswiet 
S. sinense Roxb. 
Saccharum L. S . robustum Brandes 
S . spontaneum L. 
S . arundinaceum Retz[] Endemic species 
Erianthus Michx E. rockii Keng 
E . fulvus Nees 
Narenga Bor N. fallaa{] Balansa[] Bor 
N . porphyrocomd|] Hance[] Bor 
Miscanthus Anderss M.. floridulu§] Labill.[] Warb. ex Schum et Laut. 
M. sinensis Anderss. 
Imperata Cyr. I. cylindrica L. 
Pennisetum P . purpureum Schumach 


Genomic DNA was extracted using the methods described by Fang et al.[] 1999[]. Ten primers 

were used here for amplification and sequencing[] PRLÍ] 5 — cgg get tcc gcc tga aga age - 3[T] PRI2 
[] 5- cgt ttg gag gat cta cga att cc - 3[T] PRLA] 5 — cat tta tge gct gga gag ac - 300 PRIA] 5 - tet 
cat tat tge cge gac aac — 3[[] PRLS] 5 - ceg tgg ctt cag ggg gta tt - 3[T] PRHTI] 5 — aag cag cag cta 
att cag gac tcc - 3[]] PRHA] 5 - tte get cag age tgg cat atg c — 3[T] PRH3] 5 - tac cta cta ctg tac 
cgg ag - 3L[] PRH4] 5 - gtc atg cat tac aat agg aac — 3[[] and PRHX] 5 - ccg tac ttg ttc aac tta tcc 
— 3[]. Their relative amplifying locations are shown in Figure 1. Amplification was performed in 50 pL 
volume following 35 — 40 cycles of 94°C 30 seconds|] 46 - 50°C 30 seconds[] 72°C 1.5 minutes. PCR 
products were purified in 1.5% — 2.096low melting agarose and were sequenced with ABI 377 DNA 


automatic sequencer. Both strands were sequenced. 








PRE 1 PRE PRL 2 > 
PRE 3 PRL + PRLS 
AA eh : 
Pe 
] 
Pa Rrra -A——— — —-- A—— — 7 
PRH 5 PRH 4 PRH 3 PRH 2 PRH I 


Fig 1. Relative binding locations of ten primers. PRL denotes primers of light chain[] PRH denotes primers of heavy chain. 


DNA fragments were edited[] merged and aligned using DNASTAR softward] DNASTAR Inc. [. 
Some published rbcL gene sequences were retrieved from GenBank] see Note of Figure 3[] and included 
here for comparison. After alignment with our sequences and exclusion of ambiguous sites[] we con- 
structed phylogenetic trees with unambiguous 1137 bp[] using Cypripedium C . irapeanum as outgroup. 
Parsimony analysis was performed with PAUP 3.1.1] Swofford] 1993[]. All characters were assigned 
as unordered and given equal weight. Bootstrap analysis consisted of 1000 heuristic replications. NJ tree 
was constructed after translation from nucleic acid sequence data to distance data using Kimura 2 — pa- 


rameter model in MEGA 1.02] Kumar et al[] 1993[]. 
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2 Results 
Partial rbcL gene sequenced] 1162bp — 1187bp[ of samples from Saccharum and related species] 
and one Pennisetum purpureum sample were obtained in this study. Some sites in several samples were 
ambiguous. After exclusion of these ambiguous sites[] the results of comparison from the remaining un- 
ambiguous 1137 bp showed that rbcL gene sequences in Saccharum and ralated species were highly 
conservative. The sequences from S.sinense[] S.robustum[] M .floridulusl] S . arundinaceum and 
S . spontaneum were identical. S.officinarum and S.barberi were differed from three other species in 
Saccharum by one and two substitutions[] respectively. M. sinensis and N. fallax[] Balansa[] also 
shared the same sequencd] Figure 2[] . However[] the sequence of Arundinaceum Retz. had relatively 
large discrepancies comparing to those of Saccharum and Erianthus . Thus it is not suitable to classify 
Arundinaceum either in Saccharum or Erianthus . 
The two gene trees constructed by different methods are similar to each other in the topologies 
[] Figure 3[]. Both trees could not separate Saccharum from other related species in’ Saccharum” Com- 
plex completely. Howeverl] Arundinaceum did not fall into the clade containing’ Saccharastrae” that 


considered in the trees and Zea mays . 


3 Discussion 

The enzyme ribulose - 1[] 5 — bisphosphate carboxylasd] Rubisco[] is responsible for fixation of 
carbon dioxide in the Calvin cycle. Rubisco is formed by a 16 — mer structure that includes eight large 
subunit polypeptides and eight small ones. The encoding gene for the large subunit[] rbcL gene[] is lo- 
cated in chloroplast genomd] Clegg[] 1990[]. Positional conservation of coding information permits the 
unambiguous alignment of rbcL sequences[] which is an important advantage for the study of seed plant 
evolutionary history. Low evolutionary rate of rbcL gene makes it easy for primer designing[] and pro- 
vides an appropriate marker for the phylogenetic study at higher taxonomic level¢] Clege[] 1990[]. Our 
results gave supports to the suggestions mentioned above and showed that rbcL gene is not a good ge- 
netic marker for phyloge netic study on Saccharum and related species by the facts[] 1. sequence vari- 
ations of rbcL gene in Saccharum and related species were very small[] 2. identical sequences were 
presented between Saccharum and Miscanthus and Narenga and Miscanthus[] while some individuals 
from the same genus had some variation. 

Although S. arundinaceum has been widely used in sugarcane breeding[] its taxonomic status is 
still controversial. Currently[] there are mainly three opinions about the taxonomic position of the 
species. The arguing points focus on whether Arundinaceum should be included in Saccharum or in E- 
rianthus[] or should be an independent genus[] Chen 1997[] Peng[] 1990[] Xiao] 1994[] Cai[] 
1984[]. Cai[] 1984[] studied the isozyme patterns of peroxidase and esterase in S.spontaneum|] 
S . arundinaceum and E . fulvus[] and found that the pattern of S . spontaneum was the most complicat- 
ed[] followed by that of S. arundinaceum|] while the pattern of E.fulvus was the simplest. And the 
features of their nutrient organs also have some differences. Based on these evidences[] Cail] 1984[] 


suggested that it would be more proper for Arundinaceum to be treated as an independent genus than be 
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Fig.3 Phylogenetic trees constructed from rbcL sequences.[] a[] PAUP parsimonious tre T] b[] NJ tree. The numbers on the branch denote 
bootstrap confidence values. Other data retrieved from Genebank for comparison are Thysanolaena maxima[] U31380[T] Avena sativa 
O L15300[T] Triticum aestivum] X62117([] Zea mays] Z11973[T] Pennisetum glaucum[] L14623[] of grass family] Poaceae] Scileria 
terrestri(] Y12947[[] Scirpoides burkei] Y13001[T] Cyperus alternifolius] M91627[] in Cyperaceae[] Joinvillea plicatal] L01471[] in 
Joinvilleacaea[] Prionium serratun{] U49223[] L11169[] in Juncaceae[] and Cypripedium irapeanun{] Z73706(] in Orchidaceae. 


included in Saccharum or in Erianthus . Our results support this opinion[] for Arundinaceum occupied 
similar phylogenetic position in the two trees[] which falling out of the clade that clustered maize 

O Z. maysL I]. Saccharum and other related species. Another evidence is that sequence variation be- 
tween Arundinaceum and individuals from Saccharum or Erianthus are relatively large. 

In short[] our results showed that rbcL gene was not a proper marker to infer the phylogenetic re- 
lationships of Saccharum and related species[] and Arundinaceum would be an independent genus 
rather than be included in Saccharum or in Erianthus . Additional evidence from nuclear marked] like 
ITS sequence[] will be necessary to resolve the phylogenetic controversy of Saccharum and related 


species in future studies. 
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